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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the 
characteristics of a ferroelectric capacitor by providing a 
transistor having a source region, a drain region and a 
gate electrode on a semiconductor surface, sequentially 
laminating the first electrode, ferroelectric layer and 
second electrode of the same planar shape on the 
substrate surface, and connecting the one of the 
electrodes to the drain region. 

SOLUTION: A gate electrode 4 and a plate 
interconnection 5 are formed on a semiconductor 
substrate 1 , and with the electrode 4 as a mask, impurity 
ion is Implanted to form a source region 6a and a drain 
region 6b. Then, formed interlayer insulating film 7 is 
etched, a contact hole for exposing the partial surface of 
the interconnection 5 is formed, the Si surface exposed 




in the hole is embedded with W plug 8, and the film 7 5a 6b 

and the plug surface are flattened. A ferroelectric 
capacitor formed of a lower electrode 9a, a ferroelectric 
layer 10a and an upper electrode 11a is formed on the 
flattened plug 8. The region 6b is connected to the 
electrode 1 la of the capacitor by an interconnection 13. 
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V ^ h.y ^^Ts:^"^^) ( S R AM) -^^^-f 
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^ U ir;K7)^iiafct3i^Tl^B^t-^„ 07 (A) tc^-r^ 
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[ 0 0 2 6 ] ^^mi^m\±. -m^z^/ji^jum^m^^^x 
mf^-^n^i^. ^<Dmm\t:^}:^-r^m^^xV)i^m^^^ 
m^hrz^<Dm^m(Dm^x^^^. mmi^$>^'y)um 
<Dmm\tw-m.it^ti^m\^\z^^^. rmm^^zm^if)^ 
^^t. ^E^f^.^\zmm(D^^i^'Dty)^^c^. c<Dmm(D 

^^i^itXl^fz. 
[ 0 0 2 7 ] B:tf!'r<i.^i^(D^mmi^^^ /^iy 

[ 0 0 2 8 ] 
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mmi^m^<i:rjm2mm^^:i<Dm^zmm^n. ^mim 

mmimmt.m2mm(Dot>urnf)^-yj(Dnmf)^ 
BrfiH K u-r >mm^zmm.^^zmm'^tix\.^^^mmi$^^ 

[ 0 0 2 9 ] ^fz. :^mm<D^^mi^^m\t. ^mi^m^ 

mm<7)^mi^mf^^zw^}^'^n. v-xm^. ^u^>m 
^*5j:y:y- hm^^^b, mumm.(Dmim^znmmz 
SEM^nfcigi^cD h^>>fx^<t, mumwLo^^m± 
\z. HifiB h ^ >>-*x^ r^ztcj^^^n. mim^m.. 
mwm^<^um2mmti^z.(Dm\zmm'^n. mmim. 
m. ^mn.^m. ^^nm2n.mi)m-(D^^m^^m 
mm\n.mhm2nm(D'b-^^^-tnf)^-^<Dmmf}^ 
mm K u-r ymmzm%^\zmm-^nx^^-^mwL(D^m 
nw^^niy^h. mmmw^(D^mm^^^ ni^^^ (Dm 
20 m 1 mmikzsm 2 mm<Dz)%mm-':^(Dmm^^f^^m 
-^<Dnmw\±^m%m\zmm't^^U'-hut.. mt^m 
wl(d v'yy'j7.^(Dv-7.mm.w[±^^nz:t.\zmm^ 

[ 0 0 3 0 ] $6(c, mit^^mm.wmhmmmimmii 
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n, mmmm^m±-<Dmm^^mzm.mmi^^n. 
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-r^ h'^yi^x^^Bf^'r^xmt. mriHh^>~>*x^ 
^m-^xmmmmm^m^'r^xmt. mmmmmmm 
±\zmimmm. ^mmi^mRT^m2mMm(Dsm^:i 
(DnMm\zmmi.xmm'r^j:mt. ^^iz. mtzsm^ 
m-o^jLy^y^-^x^^m^^^xmmm^zjLy^y^i. 
X. mmm. ^mmi^m. ^^zsm2mmf}^'bu^^ 
40 mmi^^^ /^i^^ ^n^'~:=^y^'r^i:mt. mmm2 
m^chmfis H ymm^m^^^zmm-r^xm^^^ 

[ 0 0 3 2 ] mmh^yz^^^^Bf^-r^umi)^. h^ib 

m\zxy^y^hx. iB^<h^i^(7)Htifay- Nm^^/^ 

^\^xmwi(Dmf-hnm(Dmm(Dm%z^mi^^m\z^ 

ym^^m^-^^xnt.^m\.. •^'^\z. mw.mwi 
50 mmm^w^f^-f ^xmcnm. m%^mm-f^xm<Dm\z. 
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mt^mm.^'y^^<D±.^^^t^mmiz. mriE^^ 
mi^^^^^z^n^'n i (scDHtrfe^iim^^ ^ 
-r ^ t> CO T o T J: I. ^ o 
[ 0 0 3 3 ] H^f2^mi4y^^<£:f^^-r^x^ 
com, tiifBm^-r^xgcottftc^ 6f3, ttria^mii:/^ 
^co±®^t/tfrfB®rpimii^^^M^¥sit:-r^x^^# 

[ 0 0 3 4 ] :^^m<Dm(D^mm^mmm<Dmm:^f^ 

vX^^SoT^Fsl^^^^J^^Kf^X^ch, mrtH/lF^I 

56^^f|j4>^^^^j^^-r^xe<i:, tfrld^^mi^T^^^ 
m.^xsm2 mmm<D z z,<Dmm\zmmhxmm-t ^ 
mm\zjL-j^>if\^x. iiiss^^i4y^^(7)±®^^t^ 

[ 0 0 3 5 ] $^tc, ±.uw\(D^mmz'^mm(Dmi]^^ 

©^o^MfHgr«i^aii^M^¥s^b-r§x^^w bT=b 
[ 0 0 3 6 ] ^^mn.^^\nzys^^m^-r^-^<i^m.m 

Z(DZm^l^(DX.^y^>^-^7.^^m^^Xm^\Z 

^urnxm^-^ix^z hf)^ts.<m^t^mhi.xmmx^ 

[ 0 0 3 7 ] ^fc. wmti.rz.ymm:m±.\zmmm.w^ 

m.^'M^v )vy )vm^m\^^xw^^'t^i^'^xh. ^com 
m^i^~'\z'r^z.t.i)^x^^. mmo^^^-^t^mmt 

[ 0 0 3 8 ] ^tz. ^m(Dmmm^n^ '^VX V 
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[ 0 0 3 9 ] 

[^Bjo^s^cof^^] mi<DMmm\z^^ ^^^)'t)v<D 
^mii:m\zr:^\^^xmm't^. ^r. mi (a) ^mmi. 
X. ^m^m^±\z^-hmitm:BLZsyu-' hm^m^ 
'T^^xo^xmz'Di.^xmm-r^o iicsTox^t^. 

jiSO;<^>iW^^-t^-r H-fe^ >y^37 (MOS) 

> vx^^cof^Mx^if^^i-rr^^o f^. ccommM^zi^ 

l^Tti, h 5^ >>^;^3^ t LT. n ^;UM O S h 5^ > 
V 7. r?' ^ M T ^ ^ ^ 0i] t C t T 1$^ -r ^ <. 

10 [ 0 0 4 0] ^~r. m^mitiz^o nmcDs \ 1 (Dm 
m±\zmitm^m^-r^o ^(Dmitmmm±\zx\fi-^ 

[ 0 0 4 1 ] CCOUixX h/^:$^— >^X'y5^>y y'X^ 

20 P^ffll^^-f ^>aA^^^I=H, J!JD]^X^;U:^ 3 0 k e V, 
-r^>aA»l. 5x10' ' cm"'t^^„ 

[ 0 0 4 2 ] h/^^-><£:[^^-r^o B -f 

^>cDaA/l<&^ 1 1 5 O'XZX^Mmi.X pmO :^)V2 

^mf^-r^. z(D'i^. m^mm±<Dmitm^±xjiy^ 
>^^.^r^. nzs^mi^mmimim^mtmitL. mm 

tc, mcvum (it^m.^mmm) ^m\^^xmmmi 4 

0 nmco^^b5> U :3 >m^m0^'t^. 
[0 0 4 3 ] ro^fbi/'J n >^^ffitc:. y^~-)],vm 

hM/^^->^X'y^>^VX^ tbT, X>y^>^;f; 
AiiUTCF, ^m^^X. ^{bv'J 3>^<£: K^-rx^y 

[ 0 0 4 4 ] ccD^{h:>-'J =1 >^/^:$^->^i^^{b14-^ 

A^<hLT. *;^J1 10 0 "CT^^i^^b^fT^- ^1 (A) 

(ciKf cfca (i^;i^4 oonm(D7^-;i/ \^mitm3^^ 
40 ?^fi£$n§o :i<7) H^fb^ 3 J; 0 h 5 >>^A 

^f^®it-§f£ti^^7:>^iii^^ne„ :z<Dm. n-^r^^ 

[ 0 0 4 5 ] nrzf§^mi^±<Dmi^mitm^ h ^ > 

^- hmitm^n^^^z. B^tircmitm^^^tiy u =3 

>^A°3'->ch-)^(iX'y^>^[^^L, SlS^Stcfr 
fclC^ 1 0 nmCOift^>fblI^?^^b. :in>£^r'-h^<b 

m3 a t Lxmi^^o 

[ 0 0 4 6 ] :^^z. ^-hmm4 t:fiy-hm5^m^ 

50 STMJEC VD^^ffll^T, g^^SfC^iP^S 
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x;^;U=^ 3 0 k e V, ^:t>^A&l 0'' cm' <D^i^ 

[ 0 0 4 8 ] ^^\^^\±:t^iymi\: 'J > (P O C 1 , ) M 
Sm4^T;fU>-U=i>M^8 0 0-9 0 0 ^-r^M^g-T 

CiT^^-tr^^o P <DmMm<DE^n. lO^'ions/ 
cm' i T -5 o 

[ 0 0 4 9 ] i^m^y)^]^-^-^nr:i^^^j zy^j Z2ym± 

[ 0 0 5 0 ] iKD^oiz. m—<Dmn^inx. y-hm 

xm^^mit-r^z^^^x^^. mi (b) iz^-r^o 
\z. y-hMm4^-(^>fix-^x^ tLX. ?Fm!^-f 

me h^mf^-r^o m^^^. jtjp^^x^^^^u^^ s o r e v, 
-r^>aA*5. 0x10' ' c (D^n^xutm (A 

s) :^>^^1S®(caA-r^o ZL<D^ ^>f^A^^ 

X. A s :t>\^m^^'r- hmitms aitrnM-r^-^^. 

[ 0 0 5 1 ] ^(7)tt. 9 0 0 3 0 ^^r^lOT 

>>;x37CDy-;^^^ 6 a H u-r >mm 6 b ^f^fi^-r 

Igl 1 (C) iZTjk-t IZ. ^JEC VD ^ffll^^T, ^ 
I 0 0 0 nm04^D>:7:tX>^:r^>'jy— h:^^X 

(BPSG) m^^mvx. mr^^mmm? ^m^-t^. 
m^zijk'r^oizmr^mmmToy^mizitrm^mo) 

[ 0 0 5 2 ] mmmumi ±{zui^7.h/^^->^mf^ 

[ 0 0 5 3 ] ^2 (A) tc^fJz^fc. y yit9 >cf::^ 
(WF. ) :^ 7.<Dm7t^ft^^mmi.rcmmcv D\z 

[ 0 0 5 4 ] 1^12 (B) iZ^-rXo^Z. CMP (it^X 

mm^mm) m^z^-^x. mmcom^^mK-r^v ^z. 
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[0055] CMPmiZM'b'r. At^X-y ^n-^/ 

^mii^^soGm^^xs^(DTm(Dm^mm^xjz 
v^>^\.xw^iBt^mim^%^:^^x^^. z.iDm-^. 

[ 0 0 5 6 ] ^2 (C) \Z7r^-r^o\Z. W-mitLfzmWi 

nm±.\z. T^nv^^xptm^. V}\^f)v^xpzT 

10 (PbZr,-. Ti, O, ) ^10, ^ i^\Z7.ny 

p t ^ 1 1 ^mmi.xmm-r^. 

[ 0 0 5 7 ] z.z.xm^^^V)Vf)Vmu. mflK^^^tr 

)vmw.^mwLm\zm^\^fz.'ik. tmjz^r^mm^m^ 
'j)vm^y)Vit-t^z.t.xm.^w^^-t^^mx^ 

t^it'^m^^mx^^^^. f^^-r^^com^it^^M 
r )v^^iy V(D^x):tx^Bi\zumx^^. ^mmn^. 
xn?.^(j^xmmf<s,mm^>z^^t: vti,\^^xmt^. 

[ 0 0 5 8 ] P Z T^(7)f^M^Jll<h bT(^, S-TPZT 
20 (DmmW. 'e^J;^t^Pb (CH, COO) I • 3H: O, 
Zr (n-OC, H, ), , Ti (i-OC. H. ), 

t^mm^\z^ts^j)vm.^i'^m-t^o ^.tf^^^^i^ 
T. p t ^ 9 ±,\zv )vm^Mum^t ^ . mmm 1 0 0 

[ 0 0 5 9 ] ^r^im^^ 7 o^Mti^Sfb^nri.^^ 

p t ^ 9 (7)^® t>¥s-e^ D , ^co±(i^^-r^y 
)iw,(Dm<Dm^^mt^—\z'^ ^ z. ^i)^x^^. z.(d 
ii5jt?^Tx-;i/ (RTA) m^m^^xm^ 0 O^X 
om^iim.vx. ^j)vm^f)Vit'tri\^. pzt^ 
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[0060] Pt^9<hPt^ll (Dm(Dm^\t. ^tl 
■€-'tl20nm, 50nm(h'r^o P t ]^ 1 1 CO^jp;;?^, 

p t j^9 comjp<^ oi^i^^o^ti, z(D9t<Di:nx^mt.m 

[ 0 0 6 1 ] \z^mm^^ \ niy ^ (Dnmti 

':f\y-hmt'^m-mmmxm^^nxu^m't\^. mu 

^la^Ttf ^ik;^^:^^^> P t m<Dmm^ l O O nm^^co 

mt^±mo:)^o\ZS 0 n mUJlTc^iP^ fcf^ (hT^^'T 
[0 0 6 2 ] i^, p z Tti^i^^it^ib^ii^, j^i^-r 

mnmt. ±,m\^rzp t (D^o^zMmit'^o^n^m^m 

^mSZ Pt^^{Ct>. Au^fflV^Ttj 

[ 0 0 6 3 ] (A) tz^-r J: o\z. p tm \ I (D^i 
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y^^mt^.x.y'^y^-^T.^ tLx. pt^ii, pz 
wy^^ 8 ±\zT'^mm 9 a . ^mmi^m i o a . 

S^CK±^miil 1 a;i^e7^ci:^?^^m#=^-\'/V>^7:i^*?^fi^ 
[ 0 0 6 4 ] ±gE3®cox^:/^>^fi, 31 &^ X 9^ 

0'*Torr, b'-A^»ft4 0 0 mA, 5'J>^P$r0ll 

[ 0 0 6 5 ] 1^3 (B) ^z^-r<ko\z. ^mm^^^/-^ 
[ 0 0 6 6 ] z<Dmmmmmi 2\z. mf^<Drzisb<Dzi> 

i^^^nzy:^<D±mnMl 1 a OD^n^^ncD^® — g|5 

[ 0 0 6 7 ] mmt^^f^zi h^i^fc66, ±m 
1 1 a cD^®^^< x>y ^>^-r^o 

^ffll^TT i N)^$ 6 ^ 'J >^^TA 1 3 

m^ccDM^zmmhrmmm^m^'t^o ^m(7:>mm 

ti. ^J^tfTi)^^20nm, TiN^^lOOnm. 
A 1 1 0 0 0 nmif 

[0 0 6 8 ] ^mm^izui^xh/^^-y^m^-r^o 

g<DX^7 ^>y^fTl^@H^ 1 3 , ^^XS\LvVm\A^ 
[ 0 0 6 9 ] h ^ >>^X^coy-7.m^ 6 a ti, t: y h 

m\A\z^m^n^. \±vVU\a\x. mzmA-^^n 
i.xwim-t^^o\z. m<DmMt.\xWif^^m.^^u<Dm. 

n.m.mz^m-^^. nu-f >^^6 bt^, ib^i 3tc.fc 

[ 0 0 7 0 ] I^Jk^X^^ t>oT, U-ir^UTii^'^fiST 

[00 7 1]^;<^iJ-tr;UtS. l{SCOh^>>^X:$'chl 

I-I' -e^f^^M^', ^3 (B) fc^bfc;<^Uir 

[ 0 0 7 2 ] y ^ -)VYm\\Lmz^r^m^^^^ \ . a 
2 Ti^iii^^ nrv^^o a 1 cDtf^fc V — x^J^ 

s 1, ^(D&:&C^n^*ny- hm^w 1 , w2^:;M. 



7 ) it#^¥ 9-51077 

12 

14^^ a 1 F^tCtS, 4':^CDy-X^^ s 1 ^^oSiht-^ 
[ 0 0 7 3 ] fi&l^^^a 1 C0^4i&:&fC^*g-r^^^ 

\z. m^(r>v'yyv7.9\zn^>^\^tz^mm.^'^^ny^ 

T^f^iBg^n^. ^l5§t|^+^/v>^ c f 1 PJ^f ^ 

N^>vx37C7) H u-r >'^^d 2 tc^i^^n^o mien 
10 fe[^mfcHU'r>^^di tc^^^$nfc?^i^^^2^+^/i 
[ 0 0 7 4 ] ^mn.^^^ (Dy^m.m\z\km^t\ 

m\z'D\^xwtm-^^. 

[ 0 0 7 5 ] m2 (Z)^Sg0iitCct U ir;KD 

20 

[ 0 0 7 6 ] i^^T. 05^#Bp,bT. IISS^J 2 (;)f^^:^ 

\^hy^=^^}^)\^m'^\z-o\^xm^xwimt^. ^M^m 
^\(r>^mm\z. o ji)imi^2 ^m^-t y^—)VY^ 
mitm3\z^v} . ^ x,)vmm2(D^m\z^^mm.^m'^ 
•r^o z.iDm'i^mmz. y-xm^6a, \^u^>mm 

6 b, ^dJ:^;^- Kig^big^ 3 a ^:n^LTJ^sJc^n;^cy- 

3 a ^ wr^ \-^>i^yi^^m^t^. 
C 0 0 7 7 ] ceo h ^ >>^x^i5^r/y ^ H^ib^ 
3 ^s^^F^i^ife^ 7 ^?^^-r^. cco^r^i^e^ 7 tc 

[0078] wy^^l 5 ^^ty^Fellg^li 7 OS®^ 

cMpmm^mr^^x^mit-r^o ^miti.rz^m±\z. 
Ftm. pzT^, p tm^zcDrnj^izmmi^xmrn-t 
a» T^^MfcDaaTi^^^^cti^^. p z Tm^'/)i^y)\^mx 

[0 0 7 9] l-D(DUyy.h/^i^—>^JLy^>'^-^y. 

^hbx. ptm. pzT^, p t m(D 3m^mmizji 
40 y^y^L. T^mm9a. ^mmi^M 1 0 a :^zf ±m 
mmi 1 af}^ibtsi^^mni^^^/^zyi5^t:m^'t^. 

[0080] K^>>^X^coFU-r >m^ 6 b tT^m 

50 [0 0 8 1 ] ^i^mmi^^^ /^i^^ "^mo <ko \zi.x . m 
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b''yh^i4ti, ms (B) (Dm^tmm^zm^cDh^ 
[ 0 0 8 2 ] mmmmmi 2^z. ^mmi^^^ (d 

Jl^m^L. h7t^-;U^iia6^SH^ 1 3 a 

[ 0 0 8 3 ] h'^y hill 4 ^tXiE^ 1 3 a 

a^^TB^i^iisji^ 1 G^m^-t^o mmmumi etcSBH 
^ 1 3 a tc^g^^n^ >^ t-- 5 ^?^^-r 

[ 0 0 8 4] t'^y hill 4 T'U- 5 fi. b t> 

'bnrzmx$>^o f<i.^. mmmmmi 2<D^m±{z'fu 
-hm s^m^L. mr^^mmm i e ±fc b*>y i 4 

[00 8 5] yU-Ml5fi, h-^Vi/'X^'OV-X^ 
^fCj^i^^n^ t'^> Mil 4<hf^i:T i/A 1 #CDW^4 

2 (Dmrnm^z-Di^xmrnLr^o i^^-rncom-B^. ^mn 
i^^^'/^i^^(D±T(Dmmt.\tm^z^iL^z':fu-hm^ 
m^-r^. j:oT, ':fu-hm(D/^^~->^zt^iDn'f 

^^m\^^xm^\zx,y^>^-r^z.h-f)^x^^. ^mm 

mtLxm^xt^^. ^m<Dmm:h^^^\zU'::>^^ 
^\z. ^m(Df^m^z^^^mmi^^^ /^iy^ (D^m^^ 

[ 0 0 8 6 ] sfc. ^•^^n<Dmmm^z:^i^xt^. w-mit 
i.fzmmmmm^'^tsmim^z^mm.i^^^^/^i^^ 

yjvm^m^^^xmB^r^m^xh. t(Dmm^i^-\z-r 
[ 0 0 8 7 ] $^ic, mi (Drnm^^KDm-^i^i.. ^mmi$^ 
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hx€^. 

[ 0 0 8 8 ] ^:i±mmm\zY^'Dx^mm^m,mvrcf)^. 
^^m\tcn^^zmm^n^h<Dx\tf^\^^. ;< 

MO S h ^ > v^X^tC[SI^;^ci:l.^o -hi?!! Of^^;^ ^ fc *3 tt 
10 > vX^^J]^fi£bTt>ct l>o ^fz. hmit^^^O) 

mm^m. mpL^t^itmiz^Pi. u i s h^>z^x^^m 

[ 0 0 8 9 ] w^mi^m<D^imtLx F z T ^mi^^x\^^ 
^-f)^. z:n^:i9v<D^im. m?i^t^^ >mn^j o (Ba 

T i O, ) m. ^r^' >^X h D >^'> AA* U ^ A (Ba 
, S r , T i O: ) M^^ffil^T t>ct ±rz. 

y)imun<D:^}^. m?L\t:^nv ^ ^) > Mocv 
i>m^m\^^x^mm^m^m^vx^x^^. 
[ 0 0 9 0 ] ^(Dmm^ (D^-^. efe^, m^-^^-^^i^^ 
20 "^mu zi t. \t^mm\z^mx^^r) . 

[ 0 0 9 1 ] 

<om.m(Dmmm^m^\zwDz,t.i)^x^^. cco^. m 

[ 0 0 9 2 ] sfc. !ii5§^^ + ^/i'>^^j^^^^jir«i 
mmm:^m^^mt-^^zit\z^r^. ^mmi^m<Dmm 

[0 2] 2^^0.^<7)^ 1 cDHM^JOMi^X^^^-r^O 

[igf 3 ] ^^m<Dm 1 conjs^jcDMi^i^^^-r^o 
;<^'J ±)i<Dmwamx$>^o 

40 ^mmx^^. 

[m 5 ] :*:^BJ(0^ 2 (Dmmmo)^^ U -tr;UcD^frMIg 

[0 6] >^'J-tr;K7)iHlgS^fi£ElT^^o 

[07] t^^CO;<^ UirJK7)^®0-r^^o 
[?^^COI5t0>^] 

1 . 5 1 • • - ^m^^^. 2. 52---p'i?xJI/. 
3 , 5 3 • • • y ^ - JU F^^b^. 4 . 5 5- • • 
hllM> 5 - • - r/U-K^. 6a, 54a' • -V — 
X^^, 6b, 54b - • • KU-r >m^. 7 . 5 6, 

50 1 2 , 6 1 , 1 6 • • • mmmmm. s . 15, 57- 
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• ' ^"y^ . 9a. 58a - • • T^^@. 5 8 • • • 

Tgpm^SE^^. 1 0 a, 5 9 • • • ^mm.wm . i i 

a, 6 0 a • • • 6 0 • • • ±^^^^1^ 

1 3 . 6 2 , • • • iS^, 14, 63- • • h 

[m 1 ] 



(A) 




9 ) 9 - 5 1 0 7 7 

a 1 . a 2 • • • fg^iM^> b 1 • • • t: VU. 
s 1 • • • y-XM^, dl,d2—-KU^>^ 
pi • • - ^^U— h;^, wl, w2 • • - ^-h* 

c f 1 • • • ?^^II^=^'\'/V>^ 
[1^2] 



(A) 




[114 ] 




( 10 ) - 5 1 0 7 7 



m 3] 



(A) 






Ts 

U 

T 1 


-CF 
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im 7 ] 




54a 53a 54b 57 



